Abstract A simple, low-cost, and fully validated sample preparation procedure for the determination of 16 metals in tea infusions by flame atomic absorption spectrometry (FAAS) for Ca, Fe, K, Mg, Mn, and Na and inductively coupled plasma optical emission spectrometry (ICP OES) for Al, Ba, Cd, Co, Cr, Cu, Ni, Pb, Sr, and Zn has been developed. Three different procedures, including the direct analysis (no pre-treatment), the acidification with HNO 3 or aqua regia, both at 0.25, 0.50, and
Introduction
Infusions prepared from leaves or bags of black and green made teas of the Camellia sinensis shrub are the most widely consumed beverages in the world (Szymczycha-Madeja et al. 2012; Welna et al. 2013) . Tea can be classified into six basic categories, i.e., white, yellow, green, oolong, black, and puerh. Among them, green, oolong, and black teas are distinguished according to a degree of the fermentation of leaves. Leaves of green tea are dried and roasted but not fermented, whereas for black tea, leaves are additionally fermented. In case of partially fermented leaves, oolong tea is obtained. Black and oolong teas are typically produced from older leaves, while green tea is made from the flush containing only young leaves (Szymczycha-Madeja et al. 2012) . When steeping tea leaves or brewing tea bags, different bioactive compounds are extracted into infusions making these beverages a valuable source of antioxidants and phytochemicals (Diniz et al. 2015; Jeszka-Skowron et al. 2015) . Except for organic bioactive substances, infusions of black and green teas also contain various elements that are leached from tea leaves and enhance their pro-health activity (Jeszka-Skowron et al. 2015) . In case of a regular drinking of tea, particularly in countries where it is a traditional and popular drink, tea brews are regarded as an additional source of some essential metals, e.g., Ca, Co, Cr, Cu, Fe, K, Mg, Mn, Na, and Zn (Derun 2014; Jeszka-Skowron et al. 2015) . Unfortunately, non-essential and toxic metals, e.g., Al, Ba, Cd, Ni, and Pb, present in made teas are extracted as well (Jeszka-Skowron et al. 2015; Ozdemir et al. 2014) . The later metals could have a potentially negative effect on the well-being of consumers of tea, particularly associated with the accumulation of these metals in the human body (Jeszka-Skowron et al. 2015; Ozdemir et al. 2014; Szymczycha-Madeja et al. 2012; Welna et al. 2013) .
In this regard, studies on the multi-element analysis of infusions of teas appear to be an important part of the quality control and the safety management of the tea production. Such routine analyses can answer the question about the health risk of tea beverages (Jeszka-Skowron et al. 2015; Ozdemir et al. 2014) . In addition, they can evaluate differences among black and green teas in reference to their nutritional value and the content of essential and other metals along with their contribution to recommended dietary intakes (RDIs) (Dash et al. 2008; Derun 2014; Jeszka-Skowron et al. 2015; Malik et al. 2008; Mehra and Baker 2007; Memic et al. 2014; PazRodriguez et al. 2015; Ozdemir et al. 2014; Street et al. 2006; Schwalfenberg et al. 2013; Tahir Soomro et al. 2008) .
The reliable assessment of the quality and the safety of tea infusions is, however, strictly dependent on accurate and precise analytical methods that enable to determine different metals. The most popular and extensively used in the analysis of tea infusions are spectrochemical methods, including flame atomic absorption spectrometry (FAAS) (Dambiec et al. 2013; Gallaher et al. 2006; Malik et al. 2008; Memic et al. 2014; Paz-Rodriguez et al. 2015; Polechonska et al. 2015; Tahir Soomro et al. 2008 ) and inductively coupled plasma optical emission spectrometry (ICP OES) (Altintig et al. 2014; Dash et al. 2008; Diniz et al. 2015; Derun 2014; Fernandez et al. 2002; Froes et al. 2014; Malik et al. 2008; Mehra and Baker 2007; Ozcan et al. 2008; Ozdemir et al. 2014; Salahinejad and Aflaki 2010; Street et al. 2006) . In case of FAAS, it is particularly convenient in reference to selected metals that are highly abounded in tea infusions, i.e., Ca, Fe, K, Mg, Mn, and Na (Szymczycha-Madeja et al. 2012 ). In addition, graphite furnace atomic absorption spectrometry (GFAAS) (JeszkaSkowron et al. 2015; Wrobel et al. 2000) and inductively coupled plasma mass spectrometry (ICP MS) (Milani et al. 2015; Schwalfenberg et al. 2013; Shen and Chen 2008; Sofuoglu and Kavcar 2008) were used. Among different sample preparation procedures reported so far for infusions of black (BTs) and green (GTs) teas before their spectrochemical analysis, it appears that no treatment and direct measurements of metals in them was preferred in case of FAAS (Dambiec et al. 2013; Malik et al. 2008; Memic et al. 2014; Polechonska et al. 2015) , ICP OES (Altintig et al. 2014; Derun 2014; Diniz et al. 2015; Froes et al. 2014; Malik et al. 2008; Mehra and Baker 2007; Ozcan et al. 2008; Ozdemir et al. 2014; Street et al. 2006, and GFAAS (Jeszka-Skowron et al. 2015) . In addition, infusions of teas were acidified with HNO 3 to a concentration of 0.28 mol L −1 (Salahinejad and Aflaki 2010) or 1.4 mol L −1 (Schwalfenberg et al. 2013) or HCl to a concentration of 0.12 mol L −1 (Paz-Rodriguez et al. 2015) .
Otherwise, infusions were evaporated to near dryness while sample residues left were digested with concentrated solutions of HNO 3 and HClO 4 (Tahir Soomro et al. 2008) or HCl (Gallaher et al. 2006 ). The UV photolysis-assisted digestion in H 2 O 2 , aimed at destructing the organic matrix of infusions of tea, was also carried out (Dash et al. 2008) . Unfortunately, reported methods of the direct analysis of infusions of BTs and GTs (Altintig et al. 2014; Dambiec et al. 2013; Derun 2014; Jeszka-Skowron et al. 2015; Malik et al. 2008; Mehra and Baker 2007; Memic et al. 2014; Ozcan et al. 2008; Ozdemir et al. 2014; Street et al. 2006) , or their acidification (Salahinejad and Aflaki 2010; Schwalfenberg et al. 2013) were not validated nor verified, therefore, the quality of the data achieved in above-cited works could be questioned.
Although spike-and-recovery experiments were made in case of few direct analyses of infusions and quantitative recoveries were obtained, i.e., 91.9-113 % for infusions of GTs (Froes et al. 2014 ) and 85.2-113 % for infusions of BTs and GTs (Diniz et al. 2015) , it should be noted that the recovery study is selectively used and does not have a high priority when another analytical method is available for comparison purposes. Paz-Rodriguez et al. (2015) compared concentrations of Ca, Co, Cu, Fe, Mn, Ni, Na, and Zn determined by FAAS in infusions of BTs and GTs acidified with HCl when using the standard addition method and simple standards for the calibration. By indicating the lack of systematic errors, they additionally checked that recoveries of added metals were also quantitative, i.e., 90.3-108 and 88.0-110 %, respectively, for infusions of BTs and GTs samples. Milani et al. (2015) evaluated the applicability of the acidification of tea and herbal infusions with a 0.2 % (v/v) HNO 3 for determination of Al, As, Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Se, and Zn by ICP MS.
Results of this method were compared with those obtained using the microwave-assisted digestion of infusions. The accuracy and the precision of the simplified analytical method were additionally evaluated using the spike-and-recovery experiment and satisfactory results were obtained, i.e., 82 to 120 and 2 to 17 %, respectively. The present work is a continuation of our recent study devoted to the development of alternative sample preparation procedures in the multi-element analysis of BTs and GTs by FAAS and ICP OES (Szymczycha-Madeja et al. 2015) . The objective of the present contribution was to compare and verify the reliability of different simplified sample preparation procedures of infusions of BTs and GTs and particularly to verify the validity of the direct analysis of untreated infusions, commonly used but not validated in already published works. No such methodical comparison of different simplified sample preparation procedures of infusions of BTs and GTs has ever been reported before. The suitability of a selected, validated, and dependable sample preparation procedure, i.e., the acidification with HNO 3 to 0.25 mol L −1 , was shown by subjecting it to the multi-element analysis (16 metals, including Al, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Pb, Sr, and Zn) of infusions of 20 different bagged and leaf, black, and green teas, i.e., BTBs and BTLs, GTBs, and GTLs, marketed in Poland. The potential of the multi-element analysis and the information about concentrations of different metals in infusions of BTs and GTs was also investigated in reference to their classification by the principal component analysis (PCA) and the linear discriminant analysis (LDA). The percentage leachability of studied metals into infusions of analyzed BTs and GTs was evaluated and compared as well. ) ICP standard solution IV was used to prepare matrix-matching standard solutions for the calibration of FAAS and ICP OES instruments.
Materials and Methods

Reagents and Samples
Teas selected for the study were the finest loose leaf and bagged BTs and GTs commercially available in local markets of Wroclaw (Lower Silesia Region, South-west Poland). BTs in bags (BTBs) or concurrently sold as loosely packed leaf teas (BTLs) included the following brands: BTB1 with BTL1 (Dilmah, Premium), BTB2 with BTL2 (Irving, Superior black), BTB3 with BTL3 (Twinings, English breakfast), BTB4 with BTL4 (Ahmad tea London, English breakfast), and BTB5 with BTL5 (Loyd tea, Ceylon). Corresponding bagged and loose leaf GTs (GTBs and GTLs), offered by the same producers/suppliers, were also selected for the study, i.e., GTB1 with GTL2 (Dilmah, Pure green), GTB2 with GTL2 (Irving, Pure green), GTB3 with GTL3 (Twinings, Gunpowder green), GTB4 with GTL4 (Ahmad tea London, Green tea original) and finally GTB5 with GTL5 (Loyd tea, Green tea).
Instrumentation
A single-beam flame atomic absorption spectrometer (Bodenseewerk Perkin-Elmer GmbH model 1100B, Überlingen, Germany) was used to measure concentrations of Ca, Fe, K, Mg, Mn, and Na by FAAS. Concentrations of major and minor metals were quantified in atomic absorption (Ca, Fe, Mg, Mn) and atomic emission (K, Na) modes. A bench-top optical emission spectrometer of an axially viewed Ar-ICP (Agilent Technologies Inc., Santa Clara, CA, USA), model 720, was used to determine concentrations of trace metals, i.e., Al, Ba, Cd, Co, Cr, Cu, Mn, Ni, Pb, Sr, and Zn by ICP OES. The most prominent atomic and ionic emission lines were selected for measurements. The information about experimental conditions of spectrometric measurements made by FAAS and ICP OES were exhaustively detailed in our recent research by Szymczycha-Madeja et al. (2015) .
Tea Steeping Procedure
To prepare infusions of analyzed teas, de-ionized water was used. Steeping times and temperatures of water were used according to recommendations given by producers/suppliers for BTs and GTs. In case of the steeping of leaves of BTBs and BTLs, contents of bags (2.0 g) or portions of leaves (2.0 g) were placed in 400-mL glass beakers and poured with 220 mL of boiling (100°C) de-ionized water. After mixing with a glass rod, infused liquids were left under the cover to steep for 5 min. Afterwards, infusions were separated from grounds by filtering them through 390-grade quantitative filter papers (Munktell & Filtrak GmbH, Bärenstein, Germany) and letting to cool down to a room temperature. In case of GTBs and GTLs, the same masses of samples (2.0 g) were taken but poured with 220 mL of hot (85°C) de-ionized water, mixed and infused no longer than 3 min under the cover. Prior to the multi-element analysis by FAAS and ICP OES, portions (10.0 g) of resulting infusions of BTBs, BTLs, GTBs, and GTLs were placed in stoppered 10-mL PP tubes (Equimed, Wroclaw, Poland).
Preparation Procedures of Tea Infusions Before Analysis
The suitability of three different alternative sample preparation procedures of tea infusions, including no treatment (P1) and the acidification with HNO 3 (P2) or with aqua regia (P3), prior to their multi-element analysis by FAAS and ICP OES was tested considering important validation parameters, i.e., the precision, the accuracy, and quantification limits (QLs) of metals. To evaluate the accuracy of results, the open-vessel wet digestion was taken as the reference sample preparation procedure (P4). These initial experiments were carried out on infusions of two different samples, i.e., BTB1 and GTB1.
In case of the procedure P1, prepared infusions (10.0 g) were directly analyzed by FAAS and ICP OES versus simple standard solutions. For the acidification of infusions prior to measurements, their 10.0 g portions, placed in 10-mL PP tubes, were acidified by adding appropriate amounts of concentrated HNO 3 (P2) or fresh aqua regia (P3) solutions. Final concentrations of HNO 3 or aqua regia in tea infusions were 0.25, 0.50, and 1.0 mol L −1
. Resulting sample solutions were analyzed by FAAS and ICP OES versus matrix-matching standard solutions (containing appropriate amounts of HNO 3 or aqua regia).
Finally, for the open-vessel wet digestion of tea infusions (P4), their portions (20.0 g) were placed in 200-mL glass beakers and poured with 15 mL of a concentrated HNO 3 solution. Beakers were covered with watch glasses and sample solutions were heated on a hot plate to gently boil and reflux for 1.5 h. After reducing their volumes to less than 2 mL, 3.0 mL of a 30 % H 2 O 2 solution were added and then, they were heated again almost to dryness. Resulting aliquots were quantitatively transferred to 30-mL PP screw-capped containers (Equimed, Wroclaw, Poland) and diluted with water to 25.0 g. Finally, they were analyzed by FAAS and ICP OES using matrix-matching standard solutions.
Total concentrations of studied metals in made teas were determined following the procedure described and validated in our recent study, i.e., the ultrasound-assisted extraction of tea samples in aqua regia (Szymczycha-Madeja et al. 2015) . This paper also reports total concentrations of metals (in μg g −1 ) quantified in all tea samples that are also analyzed in the present contribution, i.e., BTBs, BTLs, GTBs, and GTLs. In brief, 0.5 g samples of initially ground teas were placed in 30-mL PP centrifuge tubes and poured with 2.0 mL of fresh aqua regia. Resulting sample mixtures were immersed in an ultrasounds water bath and sonicated for 15 min at room temperature. Afterwards, they were diluted with water to 25.0 g and centrifuged at 12,000 rpm for 10 min. Supernatants were sampled using PE syringes and filtered through non-sterile 0.45-μm nylon membrane syringe filters. Filtrates were analyzed by FAAS and ICP OES against matrix-matching standard solutions.
Sample solutions resulted from all compared sample preparation procedures were prepared and analyzed in triplicate (n= 3). For each procedure, respective blanks were also run, analyzed, and considered in final results. Concentrations of Ca, Fe, Mn, and Na (by FAAS) and Al, Ba, Cd, Co, Cr, Cu, Ni, Pb, Sr, and Zn (by ICP OES) were determined in undiluted sample solutions. Concentrations of Ca (a single case), K, and Mg (by FAAS) were determined in appropriately diluted (from 5 to 100 times) sample solutions and analyzed against simple standard solutions. For the 7-point calibration of FAAS and ICP OES measurements, matrix-matching and simple standard solutions were used. Concentrations of studied metals in standards' solutions were in the range of 0.02 to 5 μg mL 
Results and Discussion
Comparison of Alternative Sample Preparation Procedures
The suitability of alternative to the hot plate wet digestion treatments of infusions of BTs and GTs, i.e., procedures P1, P2, and P3, was evaluated by comparing standard deviations (SDs) of measurement series (n=3) and means of concentrations of studied metals obtained with these procedures to SDs and means of concentrations of metals obtained using the open-vessel wet digestion procedure (P4). The latter procedure was treated as the reference giving dependable results, however, in a longer time (Szymczycha-Madeja et al. 2012; Welna et al. 2013 ). The comparison of SDs achieved using procedures P1, P2, and P3 and the reference procedure (P4) indicated differences in the precision of results. The statistical significance of these differences was tested using the FisherSnedecor F-test with the critical value (F critical ) of 19.0 (p=0.05) (Konieczka and Namiesnik 2009) . When calculated values of the F-test (F calculated ) were lower than the F critical (F calculated <F critical ), this indicated that SDs of results for compared procedures did not differ in a significant manner and that the precision of these results was at the same level. In this particular case, means of concentrations of studied metals were compared using the Student's t-test with the critical value (t critical ) of 2.776 (p=0.05) (Konieczka and Namiesnik 2009) . Otherwise, when the precision of results achieved for compared sample preparation procedures statistically differed, the Cochran-Cox C-test was used with the critical vale (C critical ) of 4.303 (p=0.05) (Konieczka and Namiesnik 2009) .
Finally, when calculated values of both latter significance tests for means were lower than respective critical values, i.e., t calculated <t critical and C calculate <C critical ; this meant that results (means of concentrations) obtained with compared procedures (P1, P2, and P3) and those obtained using the reference procedure (P4) did not differ in a statistically significant manner.
Precision
Values of the F calculated are given in Table 1 . As can be seen, in majority cases, they are lower than the F critical , indicating that differences between SDs of results were insignificant. There are few exceptions observed for both analyzed samples. In case of the analysis of infusions of BTB1, it included Ca (P2 with 0.25 and 0.50 mol L Considering relative standard deviations (RSDs), the precision of results evaluated using alternative sample preparation procedures (P1, P2, P3) and the reference procedure (P4) for infusions of both types of teas are given in Table 2 . In case of the hot plate wet digestion (P4), RSDs of mean concentrations of metals established for both tea infusions were within 0.2-6.9 %. The pooled RSD, reflecting the overall precision, was calculated from all results and equaled to 2.8 %. RSDs intervals and pooled RSDs (given in brackets) established for alternative procedures were as follows: 0.6-9.8 % (4.1 %) for no treatment (P1), 0.7-5.6 % (2.2 %) for the acidification with 0.25 mol L aqua regia (P3). Considering these values, it appears that among compared alternative sample preparation procedures, the best precision for all studied metals was achieved when 
Accuracy
Means of concentrations of studied metals in infusions of BTB1 and GTB1, determined in sample solutions prepared using different procedures, are given in Table 2 . Values of the t calculated (in case of F calculated <F critical ) and the C calculated (in case of F calculated >F critical ) are given in Table 1 . These tests were used to verify the significance of differences between mean concentrations of metals determined in differentially prepared infusions of teas. According to both significance tests of means, it appears that only the procedure P2, based on the acidification of infusions of BTB1 and GTB1 with 0.25 mol L −1 HNO 3 , gave results that were statistically identical with those obtained using the procedure P4. Unfortunately, the direct analysis of infusions of both teas was useless since concentrations of 8 (Al, Ba, Ca, K, Mg, Na, Ni, and Sr in case of BTB1) and 9 (Al, Ba, Ca, Cu, K, Na, Ni, Sr, and Zn in case of GTB1) metals were biased from those evaluated when analyzing wet digested infusions of teas. The acidification with HNO 3 to higher concentrations (0.50 and 1.0 mol L −1
) resulted in a lower accuracy for several metals, i.e., from 2 (the case of Ba and Zn in BTB1 and the acidification with 1.0 mol L for all studied metals because statistically significant differences between mean concentrations was established for 2 (GTB1) and 4 (BTB1) metals. The use of higher concentrations of aqua regia resulted in obtaining even worse outcomes. Because the acidification of infusions of both types of tea with HNO 3 at 0.25 mol L −1 was found to produce dependable results, the recovery test for infusions of BTB1 and GTB1 was additionally carried out. Infusions of both teas were spiked with known concentrations of studied metals, i.e., 0.10, 0.20, and 0.50 μg mL −1
, acidified with HNO 3 to 0.25 mol L −1 and subjected to the analysis by FAAS and ICP OES. Because concentrations of Ca, K, and Mg in infusions of BTB1 and GTB1 were much higher than concentrations of other metals, and hence infusions required to be diluted from 10 to 100 times, the recovery of these metals were not examined. Recoveries of added metals were assessed by measuring spiked and unspiked sample solutions. Values established for BTB1 were in the following ranges (for 3 different levels of fortification): 100-103 % for Al, 99. , QLs were evaluated with FAAS (Ca, Fe, K, Mg, Mn, and Na) and ICP OES (Al, Ba, Cd, Co, Cr, Cu, Ni, P, Sr, and Zn) as 10×SD blank , where the SD blank is the SD of a blank adequate for a given procedure. As can be seen form Table 3 , QLs assessed for the procedure P2 with 0.25 mol L −1 HNO 3 give in the majority cases the lowest values among all procedures, particularly as compared to those assessed for the procedure P4 (18-196 ng mL −1 for FAAS and 0.14-14 ng mL −1 for ICP OES). Accordingly,
QLs assessed using the selected procedure P2 were in the range of 9.9-108 ng mL −1 for FAAS and 0.08-27 ng mL
for ICP OES.
Analytical Application
Considering validation parameters assessed for FAAS and ICP OES combined with examined sample preparation procedures, it appears that reliable results for studied metals were obtained only when infusions of teas were acidified with HNO 3 to a concentration of 0.25 mol L −1
. The use of other procedures, particularly the direct analysis of infusions with their no previous treatment, was found useless. Surprisingly, there are many contributions in the literature, in which the direct analysis of infusions of BTs and GTs was used (Altintig et al. 2014; Dambiec et al. 2013; Derun 2014; Diniz et al. 2015; Froes et al. 2014; Jeszka-Skowron et al. 2015; Malik et al. 2008; Mehra and Baker 2007; Memic et al. 2014; Ozcan et al. 2008; Ozdemir et al. 2014; Street et al. 2006) . Unfortunately, in the overwhelming majority of cited papers (with exception for Diniz et al. 2015; Froes et al. 2014) , no validation of sample preparation procedures used and results achieved was undertaken. Even when the accuracy of results was checked by the spiking experiment and recoveries obtained were quantitative (Diniz et al. 2015; Froes et al. 2014 ), this could not be a sufficient condition for obtaining accurate results. As a proof, in the present work, the recovery study at three different levels of fortification (0.10, 0.20, and 0.50 μg mL −1 ) was carried out for the direct analysis of infusions of BTB1 and GTB1 (the procedure P1). Recoveries determined for studied metals were quantitative, i.e., 104-107 % for Al, 103-114 % for Ba, 102-108 % for Cd, 103-107 % for Co, 103-105 % for Cr, 91.4-106 % for Cu, 87.4-109 % for Fe, 100-103 % for Mn, 93.3-106 % for Na, 102-106 % for Ni, 104-110 % for Pb, 102-107 % for Sr and 87.9-104 % for Zn. Nevertheless, as shown by the comparison of results obtained for the direct analysis (the procedure P1) and the reference procedure (P4), concentrations of many metals determined in untreated infusions were biased from those evaluated for digested infusions. This points out that a complex matrix of both types of infusions could be a serious source of systematic errors.
The validated sample preparation procedure prior to the multi-element analysis of infusions of BTs and GTs with the use of FAAS and ICP OES proposed in the present work is certainly a very attractive alternative to procedures based on high-temperature evaporations of infusions and wet ashings of residues in concentrated reagents (Gallaher et al. 2006; Salahinejad and Aflaki 2010; Tahir Soomro et al. 2008) or invalidated measurements of untreated infusions of BTs and GTs (Altintig et al. 2014; Dambiec et al. 2013; Derun 2014; Froes et al. 2014; Malik et al. 2008; Mehra and Baker 2007; Memic et al. 2014; Ozcan et al. 2008; Schwalfenberg et al. 2013; Street et al. 2006) or acidified (Salahinejad and Aflaki 2010) . Considering a possibility of the analysis of a great number of infusions of BTs and GTs in a simple way, the described green analytical sample treatment prior to measurements of concentrations of different metals by FAAS and ICP OES seems to be particularly important for multi-element screening studies and the quality control monitoring of teas as served.
This validated procedure was applied for the multi-element analysis of infusions of different BTs (10) and GTs (10). Results (mean values along with SDs, n=3) of this analysis are given in Table 4 . In addition, means within both groups of teas (BTs and GTs) along with respective coefficients of variance (CVs) are given. Except for Cr, Mg, and Na, it was found that mean concentrations of studied metals in infusions of BTs were lower by about 10-20 % (Fe, K, Zn), 20-40 % (Al, Ba, Cu, Sr), or even more, i.e., 80 and 120 % in case of Mn and Ca, respectively, than mean concentrations of these metals evaluated for GTs. This was likely attributed to a stronger binding of metal ions by constituents of the matrix of BTs than this of GTs (Paz-Rodriguez et al. 2015) . Mean concentrations of Cr, Mg, and Na in infusions of BTs were higher by about 10-20 % than those found in infusions of GTs. Concentrations of Cd, Co, and Pb in BTs and GTs were below their QLs, i.e., 0.71, 1.6, and 12 ng mL −1 , respectively.
Descending orders of mean concentrations of studied metals determined in infusions of BTs and GTs were quite similar, i.e., K>Mg>Al>Ca>Mn>>Na>Zn>Fe>Cu>Ni>Ba>Sr> Cr (BTs) and K>Mg>Ca>Al>Mn>>Na>Zn>Cu>Fe> Ni>Ba>Sr>Cr (GTs) and followed general tendencies reported by other authors (Derun 2014; Malik et al. 2008; Mehra and Baker 2007; Memic et al. 2014; Ozcan et al. 2008; Schwalfenberg et al. 2013; Tahir Soomro et al. 2008) . In addition, concentrations of studied metals found in the present contribution for infusions of BTs and GTs were within concentration ranges given in original works cited above. Here and there, K, Mg, Ca, Al, and Mn were major metals of infusions of BTs and GTs, while other metals, including Na, Zn, Cu, Fe, Ni, Ba, Sr, Cr, Cd, Co, and Pb, were only minor and trace constituents. The variation of concentrations of studied metals within examined groups of teas (BTs and GTs) was quite different, and this was likely related to dissimilar metals by organic components of both types of teas. In case of BTs, the lowest values of the CV were determined for Ni, Mg, K, Ca, and Cu (18-30 %); high CV values were established for Na (69 %), Cr (73 %), Sr (100 %), and Ba (108 %). In case of GTs, the lowest variation of concentrations in infusions was found for K, Mg, Zn, Cu, and Fe (CVs within 15-23 %). A higher variation of results was established for Mn (the CV of 65 %), Ba (the CV of 66 %), and Al (the CV of 80 %). The highest CVs were assessed for Cr (94 %), Na (95 %), and Ca (159 %). ) of metals determined in infusions of black (BTs) and green (GTs) teas by using FAAS (Ca, Fe, K, Mg, Mn, Na) and ICP OES (Al, Ba, Cd, Co, Cr, Cu, Ni, Pb, Sr, Zn) combined with the previous acidification of infusions with HNO 3 to 0.25 mol L −1
Metal Concentration, μg mL −1 BTB1  BTB2  BTB3  BTB4  BTB5  BTL1  BTL2  BTL3  BTL4  BTL5  Mean  a (CV, % GTB1  GTB2  GTB3  GTB4  GTB5  GTL1  GTL2  GTL3  GTL4  GTL5  Mean 
Infusions of BTs
Chemometric Data Evaluation
To visualize the data into 2 or 3 dimensions (Diniz et al. 2015; Froes et al. 2014; Paz-Rodriguez et al. 2015) , the principle component analysis (PCA) was applied to a data matrix that comprised all analyzed teas (objects) and concentrations of 13 metals (variables) determined in infusions of these teas, i.e., Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Sr, and Zn (with the exception of Cd, Co, and Pb that concentrations were <QLs). Missing values in 2 cases for Cr were replaced with a respective QL value (Paz-Rodriguez et al. 2015) . The PCA was based on a Pearson correlation table. Unfortunately, it was established that a model with 3 PCs explained only 68.5 % of the total variance, i.e., 34.3 % for the PC1, 20.2 % for the PC2, and 14.0 % for the PC3. Respective eigenvalues were equal to 4.46 (PC1), 2.62 (PC2), and 1.82 (PC3). In these conditions, no clear separation between 4 studied classes of teas (BTBs, BTLs, GTBs, and GTLs) was achieved. Variables with the highest contribution to the PC1 were Al (17.8 %), Ba (17.7 %), Cr (15.7 %), Mn (16.1 %), and Sr (14.8 %). In case of the PC2, it was Ca (12.2 %), Fe (19.6 %), K (18.2 %), Mg (15.6 %), and Zn (24.6 %). In the next trial, the PCA was repeated using only concentrations of Al, Ba, Cr, Mn, and Sr as variables. This time, the 2 first PCs were established to explain 88.0 % of the total variance, i.e., 68.5 % with the PC1 and 19.5 % with the PC2, while respective eigenvalues were equal to 3.43 (PC1) and 0.98 (PC2). Nevertheless, there was no clear separation between 4 groups of analyzed teas.
Because the PCA did not lead to the unequivocal classification of analyzed teas (Diniz et al. 2015) , therefore, the supervised linear discriminant analysis (LDA) was used to investigate the possible categorization of teas based on concentrations of metals and determine which metals are responsible for the eventual differentiation. At the beginning, Fig. 1 Results of the linear discriminant analysis (LDA). The 2-dimensional scatter plot of the two first discriminant functions (DFs) for (a) all selected variables (concentrations of Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Sr, and Zn) and (b) variables selected by the stepwise regression with backward selection (concentrations of Ba, Ca, Mg, Mn, Sr, and Zn) concentrations of 13 metals (Al, Ba, Ca, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, Sr, and Zn) were used as predictive variables (see Fig. 1a ). It was found that 2 first discriminant functions (DFs), i.e., the DF1 and the DF2, explained 90.5 and 6.6 % of the total variance, respectively. Eigenvalues for the DF1 and the DF2 were correspondingly equal to 62.67 and 4.61. With respect to the classification model achieved (see standardized coefficients of linear combinations of concentrations of metals for both DFs in Table 5 ), the LDA differentiated and correctly classified 100 % of all analyzed teas. A stepwise regression with the backward selection of variables was additionally used to find the best discriminating model with only few statistically significant variables. In this case, a linear combination of just 6 variables (concentrations of Ba, Ca, Mg, Mn, Sr, and Zn), being the most significant predictors of 4 classes of teas, gave DFs that 2 first (DF1 and DF2) explained 98.1 % of the total variance (see Fig. 1b ), i.e., 88.1 % (DF1) and 10.0 % (DF2). Respective eigenvalues were equal to 22.39 (DF1) and 2.53 (DF2). Again, the established model correctly classified all 20 analyzed teas. All these outcomes proved that a reduced profile of the metal composition allows to discriminate teas in a unmistakable way according to their variety (BTBs, BTLs, GTBs, and GTLs). This finding is extremely important in terms of bromatological studies of teas because the proposed validated sample preparation procedure of infusions and the chemometric treatment of the data using the LDA could provide the fast and more affordable discrimination of teas.
Leachability of Metals into Infusions
Percentages of metals leached into infusions were assessed taking into consideration concentrations of studied metals in made teas (see results very recently reported by Szymczycha-Madeja et al. 2015) . Leachabilities (in %) were calculated as ratios of masses of metals in infusions (final volumes were considered) to their masses in made teas (masses of teas taken for the steeping were considered). Mentioned leaching efficiencies (average values, n=3) and respective means within groups of both types of teas along with CV values are given in Table 6 . As can be seen, highly extractable metals in BTs are only Na (97 %), Ni (83 %), and K (71 %), while moderately extractable metals are Al (38 %), Mg (36 %), Zn (35 %), Cu (29 %), and Cr (27 %). Poorly extractable metals were Sr (∼3 %), Ca (∼4 %), Ba (∼4 %), and Fe (∼5 %), probably because the matrix of BTs strongly binds these metals or their compounds formed are not well soluble in infusions. In case of infusions of GTs, leaching efficiencies evaluated for studied metals were relatively higher. As for BTs, highly extractable metals were Na (99 %), K (98 %), and Ni (94 %). Moderately extractable metals were Cu (53 %), Zn (40 %), Mg (37 %), Al (30 %), Cr (26 %), and Mn (24 %). As before, Fe (∼4 %), Sr (∼5 %), Ca (∼5 %), and Ba (∼7 %) were the poorest extractable. Observed differences in leachabilities of studied metals into infusions of BTs and GTs were previously reported in the literature (Dambiec et al. 2013; Dash et al. 2008; Gallaher et al. 2006; Malik et al. 2008; Mehra and Baker 2007; Salahinejad and Aflaki 2010; Street et al. 2006 ).
Particularly, low extraction efficiencies of Ca and Fe were ascribed to the formation of compounds of these two metals that are strongly bound to the matrix of tea (Salahinejad and Aflaki 2010) . In case of Ba and Sr, no data on the extraction efficiency of these two metals are available in the related literature although their measurements in infusions of different teas were reported in few works (Altintig et al. 2014; Ozcan et al. 2008) . In order to highlight significant differences between four types of analyzed teas (BTBs, BTLs, GTBs, GTLs) due to mean leachabilities of studied metals, the one-way analysis of variance (ANOVA) with the Welch correction of F values due to inequivalent variances was applied (Anderson 2003) . It was found that differences in mean leachabilities of selected metals (Ba, Cu, Fe, K, Ni, Sr, and Zn) in analyzed four types of teas were statistically significant and allowed to unequivocally differentiate them according to the variety (see Table 7 ). To determine which groups of teas significantly differed from each other, a multiple comparison was used by means of Fisher's least significant difference test (LSD). Results of this test and the comparison of mean leachabilities of studied metals in one group of teas with respective means in another group are given in Table 7 .
Conclusions
In this work, the reliability of various simplified sample preparation procedures of infusions of BTs and GTs was compared and evaluated. It was found, that the acidification of infusions of teas with HNO 3 (at a concentration of 0.25 mol L −1 ) demonstrates the appropriate precision, accuracy, and sensitivity for reliable determinations of 16 metals by FAAS (Ca, Fe, K, Mg, Mn, Na) and ICP OES ( A l , B a , C d , C o , C r, C u , N i P b , S r, Z n ) . Th i s Statistically significant differences for p values <0.05 are italicized F* Welsh corrected value of the F-ratio of the between-group estimate to the within-group estimate, p value probability of the F*-test methodology was significantly improved in comparison to conventional sample treatments for measurements of different elements based on the wet digestion in concentrated HNO 3 and 30 % H 2 O 2 solutions, which are effective and dependable but time-consuming and requiring large amounts of hazardous reagents and laborious preparations. The proposed and validated procedure is much simple, reduces the sample handling, and minimizes the time investment along with the consumption of reagents. It can be carried out at room temperature; hence, losses of volatile analytes are completely eliminated. All of these make this sample preparation procedure a very good alternative to time-consuming, laborious, and inconvenient wet digestion procedures. Interestingly, it was verified that other tested sample preparation procedures, including the acidification with HNO 3 (at a concentration of 0.50 and 1.0 mol L −1 ) or aqua regia (at a concentration of 0.25, 0.50, and 1.0 mol L −1 ) and the direct analysis of untreated infusions, led to erroneous results. The proposed validated procedure was applied for the multielement analysis of infusions of 20 bagged and leaf BTs and GTs commercially available in Poland. It seems that it could be successively applied to multi-element analyses of infusions of teas focused on the examination of the quality and the safety of tea products due to their mineral characteristic. The simplicity of the proposed procedure could also be helpful in investigations dealing with the discrimination of teas of different types and origins based on the multivariable data analysis in reference to their distinct multi-element composition.
